The complete mitochondrial genome of a Chinese stag beetle, Prismognathus prossi, was generated using the Illumina next-generation sequencing. The mitogenome sequence is 15,984 bp in length, the nucleotide composition is A 36.6%, C 17.5%, T 34.3% and G 11.6% with the AT-content of 70.9%. The sequence has similar features with other reported insect mitogenomes, consisting of 13 proteincoding genes (PCGs), 22 transfer RNAgenes, two ribosomal RNAs and a control region. All of the protein-coding genes start with the typical ATN initiation codon except for COI. Maximum Likelihood (ML) and Bayesian Inference (BI) indicated that P. prossi share an affinity with Lucanus mazama, Lucanus fortunei and Cyclommatus vitalisi.
Introduction
Insect mitogenome has been one of the most useful molecular markers and it has been widely applied to infer systematics at many taxonomic levels (Cameron 2014 , Breeschoten et al. 2016 , Timmermans et al. 2016 , López-López & Vogler 2017 . The number of sequenced mitochondrial genomes in Coleoptera are far from enough to clarify the biodiversity and complex evolutionary pathways between them (Gillett et al. 2014 , Crampton-Platt et al. 2015 , Timmermans et al. 2016 , Yuan et al. 2016 . In particular, complete mitogenomic data of Lucanidae is available for only few species despite their great evolutionary and systematic interest. So far, just 18 lucanid mitogenomes including seven complete ones have been reported (Sheffield et al. 2009 , Kim et al. 2013 , Lin et al. 2017 .
In this study, we sequenced the complete mitogenome of the lucanid Prismognathus prossi Bartolozzi & Wan, 2006 for the phylogenetic studies. This species is easily recognized in the field by its impressive mandibles and canthus in males (Fig. 1) . It is distributed in the southern China with limited records in provinces of Sichuan, Guizhou and Guangxi (Bartolozzi & Wan 2006 , Wan & Yang 2007 , Fujita 2010 , Huang & Chen 2017 . Like many other stag beetles, P. prossi has also confronted habitat loss or fragmentation, global climate change and overhunting by enthusiasts and specimen merchants. The mitogenomic data is not indispensable only for understanding the systematics of Lucanidae, but it could also provide the basic genetics infor-mation for follow-up studies, and for formulating plans for assessing the conservation status of P. prossi throughout its range.
Materials and methods

Sample collection and DNA extraction
The voucher specimen of P. prossi was collected from Mt. Fanjingshan, Guizhou Province in August, 2014 by Yunfei Wu. It was deposited in the Museum of Anhui University. Total genomic DNA was extracted from the muscular tissue of P. prossi using the Qiagen DNAeasy Kit (Qiagen, Düsseldorf, Germany).
Primer design, polymerase chain reaction, amplification and sequencing
The complete mitogenome of P. prossi was assembled from amplified fragments with the primers listed in Table 1 . The PCR amplifications were carried out in the volume of 25 µL containing 1 µL in 10 µM of each primer (forward and reverse), 2 µL template DNA, 12.5 µL 2X EasyTaq SuperMix (+dye), and 8.5 µL sterile double-distilled water. The PCR was performed under the following conditions: an initial denaturation at 94°C for 2 min, followed by 35-37 cycles of denaturation at 94°C for 40 s, annealing at 52-58°C for 50 s, and elongation at 70°C for 1 min, and then a final extension step at 72°C for 7 min. The annealing temperature was determined by the length of the fragment. The sequencing was conducted with the Illumina HiSeq 2000 platform (BGI Genomics, Shenzhen, China).
The cluster strands created by the bridge amplification were primed and all four fluorescently labeled and 3-OH-blocked nucleotides were added to the flow cell with DNA polymerase. The cluster strands were extended in single nucleotides. Following the incorporation step, the unused nucleotides and DNA polymerase molecules were washed away, a scan buffer added to the flow cell, then the optics system scanned each lane of the flow cell in imaging units (tiles). Once imaging was completed, chemicals that affect cleavage of the fluorescent labels and the 3-OH blocking groups were added to the flow cell, which prepared the cluster strands for another round of fluorescent nucleotide incorporation.
Mitogenome assembly, annotation and analysis
The mitogenome of P. prossi was assembled using SOAP denovo (BGI Company, Shenzhen, China) and preliminary annotations were made with the MITOS WebServer (http://mitos.bioinf. uni-leipzig.de/index.py). Secondary structure of tRNA genes was inferred using tRNAscan-SE 2.0 (http://lowelab.ucsc.edu/tRNAscan-SE/). Those that were not identified by tRNAscanoSE, as well as 16S ribosomal RNA (rRNA-L) and 12S ribosomal RNA (rRNA-S), were determined according to sequence similarity with related species.
The protein-coding genes (PCGs) were determined by ORF Finder (http://www.ncbi.nlm.nih. gov/gorf/gorf.html) under the invertebrate mitochondrial genetic code. The values of nucleotide composition, codon usage, and relative synonymous codon usage (RSCU) of PCGs were calculated with MEGA version 6.05 (Tamura et al. 2013) . PCGs were translated with DNAMAN 
Phylogenetic analyses
Phylogenetic analyses, based on 12 of the 13 protein-coding genes (for Aegus angustus, nad2 was not available), included the newly sequenced P. prossi and 18 other stag beetles from Genbank (Table 2) as well as three scarabid outgoup species. The model of nucleotide substitution was selected according to the Akaike Information Criterion (AIC) with jModelTest v2.1.4 (Posada 2008) . Phylogenetic trees based on GTR + I + G model were generated via ML analysis using RAxML (Stamatakis 2014) and Bayesian inference (BI) with MrBayes v3.2.5 (Huelsenbeck & Ronquist 2003) . Node supports in the ML tree 
were estimated through bootstrap analysis with 1,000 replications. The BI was conducted with two simultaneous Markov chain Monte Carlo runs of 2 million generations, sampled every 1,000 steps, and with the first 25% discarded as burn-in. ML and BI phylogenies were reconstructed using a supermatrix of the 12 PCGs; only 12 of the 13 PCGs were used, because the nad2 gene of Aegus angustus was not available. Values of BI ³ 0.95 and 0.75 £ BI < 0.95 were considered as strong and weak support, respectively. Correspondingly, values of ML ³ 75% were considered as strong support, values of 50% £ ML < 75% as moderate support and ML < 50% as weak support (Kim et al. 2015) .
Phylogenetic trees were viewed and edited in Figtree v1.4.3 (Rambaut 2016 ).
Results
Structure of mitogenome sequence of Prismognathus prossi
The complete mitogenome of P. prossi (Fig. 1,  Table 3 , Genbank number MF614014) is 15,984 bp in length. It consists of 22 transfer RNA genes (tRNAs), two ribosomal RNA genes (rRNA-L and rRNA-S), 13 protein-coding genes (PCGs) and a control region. Four PCGs, two rRNAs and seven tRNAs are located on the N-strand; the other nine PCGs and 15 tRNAs are on the Jstrand.
The nucleotide composition of the mitogenome of P. prossi is 36.6% A, 11.6% G, 17.6% C and 34.3% T with an AT content of 70.85%. The sequence has both positive AT-skew (0.076) Fig. 1 . Mitochondrial genome map of Prismognathus prossi. Abbreviations for the genes: cox1-3, cytochrome C oxidase subunits 1 to 3; cytb, cytochrome B; nad1-6, NADH dehydrogenase subunits 1 to 6; atp6 and atp8, subunits 6 and 8 of ATPase; rRNA-L and rRNA-S, ribosomal ribonucleic acid 16S and 12S; tRNA A-Y, transfer ribonucleic acid A to Y.
and GC-skew (0.884). The start codon of cox1 is AAT whereas the other 12 PCGs are ATN codons. Eight PCGs are stopped with TAA or TAG codons whereas the incomplete stop codons of T are involved in the remaining five genes. The length of all 22 tRNAs are ranging from 61 to 71 bp, The length of the control region of P. prossi is 1,442 bp with AT content of 69.56%. It is located between rRNA-S and tRNA-Q (Fig. 1). 
Phylogenetic analysis
As can be seen from Fig. 2 , both methods yielded a similar topology indicating that P. prossi has an affinity with Lucanus fortunei and L. mazama (0.75 BPP / 55% MLB), and these three species share a common ancestor with Cyclommatus vitalisi (1 BPP / 93% MLB).
Discussion
The mitogenome of P. prossi has the same structure as other stag beetles (Sheffield et al. 2009 , Kim et al. 2013 , Lin et al. 2017 . The five genes that have incomplete stop codons of T in PCGs are generally found in insects and other invertebrates (Masta & Boore 2004 , Wu et al. 2014 , Cheng et al. 2016 . The single tRNA-S lacked the cloverleaf secondary structure owing to the structure of the dihydrouridine (DHU) arm, which is also in accordance with previous studies (Cameron 2014) .
The phylogenetic analyses suggest that P. prossi is related to L. mazama and L. fortunei and this triplet has a common ancestor with C. vitalisi. These phylogenetic analyses are consistent with the studies inferred from multi-genes including COI, 16S rDNA, Cytb, ITS2 and EF1-a (Kim & Farrell 2015 . Due to the inadequate taxa sampling, however, this study cannot explore the affinity of P. prossi with other taxa conclusively, and thus information about more taxa are required in order to establish the definite phylogenetic relationships of Lucanidae. 
